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(54) Exhaust gas purification device for an internal combustion engine 



(57) /\n exhaust gas purification device comprises 
a catalyc converter (102,103) provided in an exhaust 
system of an internal combustion engine; 



an electrically heated type heater (104) is disposed up- 
stream of the catalyc converter; and 
a foreign matter-removing filter (5) being provided up- 
stream of the electrically heated-type heater (5). 
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Description 

BACKGROUND OF THE INVENTION 
1 ■ Field of the invention 

[0001] This invention relates to a device for purifying 
exhaust gas from an internal combustion engine. 
[0002] The present application is based on Japanese 
Patent Application No. Hel. 10-61401. which is incorpo- 
rated herein by reference. 

2. Description of the Related Art 

[0003] Nitrogen oxides, carbon monoxide and hydro- 
carbons are contained in exhaust gas discharged from 
an internal combustion engine mounted on a vehicle 
such as an automobile, and after these are purified 
through the oxidation-reduction effected by a three-way 
catalyst, the exhaust gas is discharged to the atmos- 
phere. Precious metal, such as platinum (Pt), rhodium 
(Rh) and palladium (Pd), is used in this three-way cata- 
lyst, and performs an efficient exhaust gas purification 
effect in a high -temperature, activated condition of not 
less than about SSO^'C. Namely, in a cold condition of 
the engine as when starting the engine in a low-temper- 
ature condition, the exhaust gas purification effect, 
achieved by the catalytic converter, is extremely aggra- 
vated. Therefore, the temperature of the catalytic con- 
verter need to be rapidly raised to a predetermined tem- 
perature so that the converter can be brought into a 
high-temperature, activated condition. Therefore, there 
is known an electrically heated-type heater (called 
"electrically-heated catalyst" (EHC) unit) in which the 
electrically heated-type heater is provided upslr-^am of 
a catalyst converter unit so as to heat exhaust gas. 
[0004] Fig. 1 shows one example of an exhaust gas 
purification device Incorporating an electrically heated- 
type heater. In the sequence from a downstream to an 
upstream side with respect to the direction of flow of ex- 
haust gas, an exhaust pipe 1 01 , main catalytic converter 
units 102 and an auxiliary catalytic converter unit 103 
(these converter units 102 and 103 jointly constitute an 
exhaust gas purification catalytic converter) are ar- 
ranged In this order. Further, an EHC unit 104, contain- 
ing the electrically heated-type heater. Is provided im- 
mediately upstream of the auxiliary catalytic converter 
unit 103. In the catalytic converter of this construction, 
when an intemai combustion engine is in a cold condi- 
tion as at the time immediately after starting the engine, 
a switch SW is operated to apply a battery voltage Vg 
to the EHC unit 104 to heat the same. As a result, the 
electrically heated-type heater of the EHC unit 104 Is 
heated to promote the oxidation of unburned compo- 
nents of hydrocarbons in the exhaust gas, and this oxi- 
dation heat cooperates with the heat, generated by the 
electrically heated-type heater, to rapidly heat this eiec- 
tricaity heated-type heater. As a result, the exhaust gas 



is heated, and also the auxiliary catalytic converter unit 
103 of the next stage is heated, and further the main 
catalytic converter units 102 are heated, so that the 
whole of the catalytic converter is rapidly activated. 

5 [0005] For example, Japanese Patent Publication No. 
Hei. 8-218856 discloses an electrically-heated catalyst 
(catalytic converter). A pair of electrodes are provided 
on a catalyst support comprising a honeycomb structur- 
al body having exhaust flow passages, and a plurality 

10 of slits are formed in the catalyst support so that the cat- 
alyst support, when electrically heated, can be heated 
uniformly over an entire area thereof, and in this con- 
struction, thermal stresses, developing at ends of the 
slits, are rellefed. 

IS [0006] Fig. 2 shows one specific construction of the 
EHC unit 104. In this case, an electrically heated-type 
heater comprises a flat, cross-sectional iy circular hon- 
eycomb structural body 1 having exhaust flow passag- 
es, and this heater itself is heated by resistance heat 

20 upon application of an electric current. The honeycomb 
structural body 1 may be provided in the form of a mon- 
olith catalyst, in which case the three-way catalyst Is dis- 
persed and deposited on the surface of the catalyst sup- 
port (honeycomb structural body). This honeycomb 

2S structural body 1 is received within a housing 3 of metal, 
and is retained there in an insulated manner by retaining 
means (not shown). A pair of electrodes 2 and 2' extend 
through a peripheral wall of the housing 3. and supply 
electric power to the honeycomb structural body 1 from 

30 the exterior If the electrodes 2 and 2' are connected re- 
spectively to diametrically-opposite portions of the hon- 
eycomb structural body 1 of a circular cross-section, a 
large proportion of the electric current flows along the 
shortest path interconnecting the electrodes 2 and 2. 

35 Namely, the value of the current varies from one portion 
to another of the honeycomb structural body 1 , so that 
the temperature distribution due to the heating becomes 
non-uniform. In order to overcome this problem, the 
honeycomb structural body 1 has a plurality of slits 4 

40 parallel to one auiother. With this construction, the elec- 
tric current flows between the electrodes 2 and 2' along 
a zigzag path formed as a result of the formation of the 
slits 4, and therefore the concentration of the electric 
current is avoided, and the honeycomb structural body 

45 1 is heated uniformly over the entire area thereof. 

[0007] As is well known, exhaust gas from an intemai 
combustion engine contains pyrolytic high molecular 
substances and free carbons due to engine oil, and 
abrasion powder resulting from a cylinder wall and a pis- 

so ton ring. Larger ones among these foreign matters in the 
exhaust gas may physically damage the EHC unit 1 04 
upon impingement thereon. Even smaller or fine foreign 
matters adhere to and deposit on the honeycomb struc- 
tural body 1 and electrodes 2 and 2' of the EHC unit 104 

ss which are disposed in the exhaust passage, and are ex- 
posed directly to a stream of exhaust gas. The foreign 
matters, deposited on the honeycomb structural body 1 . 
cause the clogging of the exhaust flow passages, and 
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adversely affect the exhaust gas purification properties. 
Particularly when electrically-conductive foreign nnat- 
ters adhere to the EHC unit 1 04, firstly, the slits 4, formed 
in the honeycomb structural body 1 , are short-circuited, 
so that the proper zigzag current path can not be main- 
tained, thereby preventing the honeycomb structural 
body 1 from being heated uniformly over the entire area 
thereof. Secondly the ability of insulation between the 
electrodes 2 and 2' and the metal housing 3. as well as 
the ability of Insulation between the honeycomb struc- 
tural body 1 and the metal housing 3. is lowered, so that 
the predetermined voltage can not be applied to the hon- 
eycomb structural body 1 . These all adversely affect the 
exhaust gas purification effect achieved by the catalytic 
converter. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of this invention to pro- 
vide an exhaust gas purification device having a mech- 
anism for preventing foreign matters In exhaust gas from 
reaching the components of the EHC unit, thereby pre- 
venting the deterioration of the exhaust gas purification 
properties. 

[0009] According to the present invention, there is 
provided an exhaust gas purification device comprising 
a catalytic converter provided in an exhaust system of 
an internal combustion engine, and an electrically heat- 
ed-type heater disposed upstream of the catalytic con- 
verter. Further, a foreign matter-removing filter Is provid- 
ed upstream of the electrically heated -type heater. With 
this construction, foreign matters in exhaust gas are pre- 
vented from reaching components of the EHC unit, 
thereby preventing the deterioration of the exhaust gas 
purification properties. 

[0010] In the exhaust gas purification device of the 
present invention, the foreign matter-removing filter is 
disposed immediately upstream of a cross-sectional ar- 
ea-increasing region of an exhaust passage containing 
the electrically heated-type heater With this construc- 
tion, the size of the foreign matter-removing filter can be 
reduced, and this is desirable. And besides, since the 
foreign matter-removing filter is disposed as remotely 
from the combustion chamber as possible, adverse ef- 
fects due to the high-temperature exhaust gas are re- 
duced, and the range of choice of the material is in- 
creased. 

[0011] In the exhaust gas purification device of the 
present invention, flow rate limitation means is provided 
on the foreign matter-removing filter such that the rate 
of flow of exhaust gas through the foreign matter-remov- 
ing filter is lower at a peripheral edge portion of the for- 
eign matter-removing filter than at a central portion 
thereof. With this construction, foreign matters are pre- 
vented from depositing on the peripheral edge portion 
of the honeycomb structural body of the EHC unit and 
those portions of the structural member to which the 
electrodes are connected, respectively. 



[0012] Features and advantages of the invention will 
be evident from the following detailed description of the 
preferred embodiments described in conjunction with 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] In the accompanying drawings: 

Fig. 1 is a cross-sectional view of a catalytic con- 
verter provided in an exhaust system of an internal 
combustion engine; 

Fig. 2 is a cross-sectional view of one example of 
an EHC unit incorporated in the catalytic converter 
of Fig. 1; 

Fig. 3 is cross-sectional view of a catalytic converter 
of the present invention; 

Fig. 4 is a cross-sectional view of a foreign matter- 
removing filter of the invention; 
^0 Fig. 5 is a cross-sectional view of a nrtodified foreign 
matter-removing filter of the invention; and 
Fig. 6 is a cross-sectional view of another modified 
foreign matter-removing filter of the invention. 



25 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0014] Although a catalytic converter and an EHC unit 
104 of an exhaust gas purifying device of the present 

30 invention, shown in Fig. 3, are similar in construction re- 
spectively to those of the device shown in Figs. 1 and 
2, the former device differs from the latter device in that 
a foreign matter-removing filter 5 is provided upstream 
of the EHC unit 104, Thanks to the provision of the for- 

35 eign matter-removing filter 5, foreign matters are pre- 
vented from adhering to or impinging on the EHC unit 
104. Namely, the foreign matter-removing filter 5 is pro- 
vided upstream of an electrically heated-type heater. 
With this construction, foreign matters in exhaust gas 

40 are prevented from reaching components of the EHC 
unit 104, thereby preventing the deterioration of the ex- 
haust gas purification properties. When the foreign mat- 
ter-removing filter 5 is exposed to the high-temperature 
exhaust gas, the deterioration of this filter 5 is promoted, 

45 and therefore it is preferred that the filter 5, provided in 
an exhaust passage, should be disposed as close to the 
EHC unit 104 as possible, and hence should be dis- 
posed as remotely from an exhaust port in a cylinder 
head, having a combustion chamber of an internal com- 

50 bustlon engine, as possible. In order to enhance the ex- 
haust gas purification effect achieved by a catalytic op- 
eration, that portion of the exhaust passage, disposed 
upstream of the catalytic converter, is increasing in 
cross-sectional area toward the downstream side. More 

ss specifically, there is provided a cone-shaped portion 6 
which is an upstream portion of a cross-sectional area- 
increasing region of the exhaust passage which is dis- 
posed upstream of the EHC unit 104, and is increasing 
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in cross-sectional area in the downstream direction. 
Preferably, the foreign matter-removing filter 5 is provid- 
ed immediately upstream of the cone-shaped portion 6, 
that is, at a downstream end of a portion of the exhaust 
passage disposed between the exhaust port of the cyl- 
inder head and the cross-sectional area-increasing re- 
gion of the exhaust passage containing the electrically 
heated-type heater. Namely, the foreign matter-remov- 
ing filter 5 is disposed immediately upstream of the 
cross-sectional area-increasing region of the exhaust 
passage containing the electrically heated-type heater. 
With this construction, the size of the foreign matter-re- 
moving filter 5 can be reduced, and this is desirable. And 
besides, since the foreign matter-removing filter 5 is dis- 
posed as remotely from the combustion chamber as 
possible, adverse effects due to the high-temperature 
exhaust gas are reduced, and the range of choice of the 
material is increased. 

[001 5] Fig. 4 shows an important portion of the foreign 
matter-removing filter incorporated in the exhaust gas 
purification device of the present invention. The foreign 
matter-removing filter 5 may be of any construction in 
so far as it has a group of fine passages forming flow 
passages for passing the exhaust gas therethrough, 
and the cross-sectional shape of the fine passages may 
be any suitable shape such as a lattice-shape, a polyg- 
onal shape and a fiber net-like shape. The group of fine 
passages may be formed by a porous material such as 
an inorganic ceramics material. If the cross-sectional ar- 
ea of each fine passage is reduced, that is, the density 
of the fine passages is made high, the fine passages 
allow only foreign matters of a small particle size to pass 
therethrough. However, if this density is too high, the 
flow resistance in the exhaust passage increases, and 
this is not desirable. 

[0016] The flow of the exhaust gas is disturbed par- 
ticularly at a peripheral edge portion of a honeycomb 
structural body 1 of the EHC unit 104 and those portions 
of the structural member 1 to which electrodes 2 and 2' 
are connected, respectively, and therefore the foreign 
matters are liable to deposit on these portions. 
[0017] Fig. 5 shows a modified foreign matter-remov- 
ing filter of the present inventbn. In this example, there 
is provided flow rate limitation means by which the rate 
of flow of the exhaust gas through the foreign matter- 
removing filter 5 is lower at a peripheral edge portion of 
a honeycomb structural body 1 than at a central portion 
thereof. With this construction, the exhaust gas is 
caused to flow through the central portion of the EHC 
unit 104 in a concentrated manner while reducing the 
flow of the exhaust gas through the peripheral edge por- 
tion. Specifically, the flow rate limitation means is 
achieved, for example, by a construction in which a filter 
5a at the central portion is combined with a filter 5b of a 
smaller mesh size at the peripheral edge portion. Name- 
ly, the flow rate limitation means is provided on the for- 
eign matter-removing filter 5 such that the flow rate of 
the exhaust gas is lower at the peripheral edge portion 



of the foreign matter-removing filter 5 than at the central 
portion thereof. With this construction, foreign matters 
are more effectively prevented from depositing on the 
peripheral edge portion of the honeycomb structural 
5 body 1 of the EHC unit 104 and those portions of the 
structural member 1 to which the electrodes 2 and 2' are 
connected, respectively. 

[0018] Fig. 6 shows another modified foreign matter- 
removing filter of the present invention. In this exeumple, 

10 fine passages at a peripheral edge portion of the filter 
are closed in the ratio of 1 to a predetermined number. 
Namely, as in the filter of Fig. 5, flow rate limitation 
means is provided on the foreign matter-removing filter 
5 such that the flow rate of the exhaust gas is lower at 

15 a peripheral edge portion of the foreign matter-removing 
fitter 5 than at a central portion thereof. With this con- 
struction, foreign matters are more effectively prevented 
from depositing on the peripheral edge portion of the 
honeycomb structural body 1 of the EHC unit 104 and 

20 those portions of the structural member 1 to which the 
electrodes 2 and 2' are connected, respectively. 
[0019] As described above, in the exhaust gas purifi- 
cation device of the present invention, the foreign mat- 
ter-removing filter is provided upstream of the electricat- 

2S ly heated-type heater, and therefore the deterioration of 
the exhaust gas purification properties due to the dep- 
osition of foreign matters, contained in the exhaust gas, 
on the catalytic converter is prevented. 
[0020] And besides, in the present invention, the for- 

30 eign matter-removing filter is disposed immediately up- 
stream of the cross-sectional area-increasing region of 
the exhaust passage. With this construction, the size of 
the foreign matter-removing filter can be reduced, and 
this is desirable. And besides, since the foreign matter- 

3S removing filter is disposed as remotely from the com- 
bustion chamber as possible, adverse effects due to the 
high -temperature exhaust gas are reduced, and the 
range of choice of the material is increased. 
[0021] Furthermore, in the present invention, the flow 

40 rate limitation means is provided on the foreign matter- 
removing fitter such that the flow rate of the exhaust gas 
is lower at the peripheral edge portion of the foreign mat- 
ter-removing filter than at the central portion thereof. 
With this construction, foreign matters are prevented 

45 from depositing on the peripheral edge portion of the 
honeycomb structural body of the EHC unit and those 
portions of the structural member to which the elec- 
trodes are connected, respectively. 
[0022] Although the invention has been described in 

so its preferred formed with a certain degree of particularity, 
it is understood that the present disclosure of the pre- 
ferred form can be changed in the details of construction 
and in the combination and arrangement of parts without 
departing from the spirit and the scope of the invention 

55 as hereinafter claimed. 

[0023] A foreign matter-removing filter is provided up- 
stream of an electrically-heated heater 
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Claims 

1. An exhaust gas purification device comprising: 

a catalytic converter provided in an exhaust s 
system of an internal combustion engine; 
an electrically heated-type heater disposed up- 
stream of said catalytic converter; and 
a foreign matter-removing filter being provided 
upstream of said electrically heated-type heat- io 
er. 

2. An exhaust gas purification device according to 
claim 1 , wherein said foreign matter-removing filter 

is disposed immediately upstream of a cross-sec- is 
tional area-increasing region of an exhaust pas- 
sage containing said electrically heated-type heat- 
er. 

3. An exhaust gas purification device according to ^ 
claim 2, wherein said foreign matter-removing filter 

is constituted such that flow rate of exhaust gas 
through said foreign matter-removing filter is lower 
at a peripheral edge portion of said foreign matter- 
removing filter than at a central portion thereof. 25 

4. An exhaust gas purification device according to 
claim 3, wherein said foreign matter-removing filter 
is constituted such that a mesh size at the periph- 
eral edge portion thereof is smaller than a mesh size 30 
at the central portion thereof. 

5. An exhaust gas purification device according to 
claim 4, wherein said foreign matter-removing filter 

is constituted such that fine passages at the periph- 3S 
erai edge portion thereof are closed in a predeter- 
mined ratio. 

6. An exhaust gas purification device according to 
claim 1 , wherein said foreign matter-removing filter 40 
is constituted such that a mesh size at the periph- 
eral edge portion thereof is smaller than a mesh size 

at the central portion thereof. 

7. An exhaust gas purification device according to 45 
claim 3. wherein said foreign matter-removing filter 

is constituted such that fine passages at the periph- 
eral edge portion thereof are closed in a predeter- 
mined ratio. 
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FIG. 2 
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FIG. 4 
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